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172Objectives: The etiology of postcardiac surgery delirium is complex. Our primary objective was to determine
the effect of the postoperative environment on the prevalence of delirium by examining the in-hospital delirium
rates in 2 postoperative intensive care units with differing physical infrastructure. We further sought to identify
other risk factors associated with in-hospital delirium.
Methods: The rates of postoperative delirium were retrospectively examined in consecutive cardiac surgery
patients during 2 separate 6-month periods. Environment 1 was characterized by a lack of physical barriers
between bed spaces and was windowless, and environment 2 consisted of private rooms with physical barriers
for each patient and with wall-to-wall exterior windows. Univariate and multivariate analyses to determine the
risk factors associated with in-hospital delirium, including the effect of environment, were undertaken.
Results: Of the 1010 patients studied, 148 (14.7%) experienced in-hospital delirium after cardiac surgery. The
prevalence of deliriumwas not significantly different between environments 1 and 2 (16.1% vs 13.5%; P¼ .25).
However, in patients younger than 65 years, the proportion of intensive care unit days onwhich delirium occurred
was greater in environment 1 than in environment 2 (5.4% vs 1.7%; P¼ .006). Postoperative stroke or transient
ischemic attack, mechanical ventilation longer than 24 hours, age 65 years or older, concomitant coronary artery
bypass grafting and valve surgery, prehospital admission benzodiazepine use, a requirement for any postopera-
tive blood product transfusion, and postoperative renal insufficiency were identified as risk factors.
Conclusions: The intensive care unit environment did not have a significant effect on the overall prevalence of
delirium. However, that does not preclude the possibility that the intensive care unit environment might interact
with other factors, such as age, in a complex manner. Attempts to reduce delirium by adjusting the intensive care
unit environment alone will likely not be sufficient, and instead will require a more comprehensive multimodal
approach. (J Thorac Cardiovasc Surg 2013;146:172-8)Delirium is a symptomatic manifestation of acute brain dys-
function during which patients can exhibit behavior ranging
from unresponsive and withdrawn to agitated and combat-
ive. It is a frequent complication after cardiac surgery and
has been associated with prolonged hospital stay,1 increased
hospital costs,2 and an increased risk of mortality.3 The
emerging trend of older patients with greater levels of
comorbidity burden being referred for cardiac surgery4
will likely exacerbate this issue, because both these charac-
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The Journal of Thoracic and Cardiovascular SurgThe development of reliable systematic screening tools
such as the Confusion Assessment Method (CAM)6 and
CAM for the intensive care unit (CAM-ICU)7 has helped
in both aiding diagnosis and facilitating the identification
of potential risk factors associated with delirium. The
CAM and CAM-ICU are validated screening instruments
for delirium as defined by the ‘‘Diagnostic Statistical Man-
ual of Psychiatric Disorders,’’ with high specificity and sen-
sitivity and low inter-rater variability.6,7 The CAM-ICU is
administered in conjunction with the Richmond
Agitation-Sedation Scale (RASS),8 a scoring scale used
for the assessment of a patient’s level of sedation and
agitation.
Among the risk factors associated with delirium are those
related to the hospital and ICU environment, such as high
levels of background noise and an absence of natural light.
Both of these factors have been found to disrupt normal
sleep-wake cycles, resulting in patients who are sleep de-
prived and at a greater risk of delirium.9 Although previous
studies have examined the association between the ICU en-
vironment and delirium,9,10 none have investigated this in
a cardiac surgery setting. At our center, the planned
opening of a new postoperative cardiac surgery ICU, withery c July 2013
Abbreviations and Acronyms
CABG ¼ coronary artery bypass grafting
CAM ¼ Confusion Assessment Method
CAM-ICU ¼ CAM for the intensive care unit
E1 ¼ environment 1
E2 ¼ environment 2
ICU ¼ intensive care unit
IQR ¼ interquartile range
RASS ¼ Richmond Agitation-Sedation Scale
TIA ¼ transient ischemic attack
Arenson et al Perioperative Managementa modernized physical infrastructure, provided us with
a unique opportunity to study the effect that the ICU
environment could have on the prevalence of delirium
after cardiac surgery. Our previous postoperative cardiac
surgery ICU was a dedicated specialized unit with
a 24-hour consultant providing in-house care11 and was
located in the center of the main hospital building adjacent
to the postanesthetic care unit and operating rooms. This en-
vironment was characterized by a lack of physical barriers
between the bed spaces’ exposure to high ‘‘traffic’’ noise,
and was windowless (Figure 1, A). The newly created ICU
encompasses an entire floor in a separate building with
less exposure to ‘‘traffic’’ noise and consists of private rooms
with physical barriers for each patient, wall-to-wall exterior
windows, and access to a visible clock (Figure 1, B).
The aim of our study was to investigate the effect of the
ICU environment on the prevalence of in-hospital delirium
after cardiac surgery. A secondary aim was to identify the
risk factors for in-hospital delirium in our contemporary
cardiac surgical population.P
MMETHODS
Study Population
A retrospective analysis was undertaken of all consecutive patients who
had undergone cardiac surgery at our center fromMay to October in 2 con-
secutive years (2010 and 2011). Two cohorts of patients were examined:
those patients admitted to the ‘‘old’’ ICU environment (E1) from May 1,
2010, to October 31, 2010, and those admitted to the ‘‘new’’ ICU environ-
ment (E2) fromMay 1, 2011, to October 31, 2011. The use of E2 followed
the opening of the new cardiac surgery ICU inApril 2011. During these two
periods, no formal changes were made to the protocols related to sedation,
analgesia, and delirium prophylaxis and treatment (which were left under
the purview of the healthcare team responsible for the patient). A consistent
study period for each ICU environment (May to October) was chosen to use
periods in which the maximal amount of daylight occurs in Manitoba. The
patients who presented with a pre-existing structural brain disease (ie, pre-
vious brain tumor, subarachnoid hemorrhage, or seizure disorder), surgery
for cardiac trauma, pericardiectomy, thoracic endovascular aortic repair,
extracorporeal membrane oxygenation, left ventricular lead placement,
had died in hospital, or were missing all CAM and CAM-ICU data from
the ICU or in-patient ward were excluded from the final analysis. The Uni-
versity of Manitoba research ethics board approved the study, and the re-
quirement for patient informed consent was waived.The Journal of Thoracic and CaDelirium Assessment
Beginning in March 2010, as a part of the standard care at our center, all
postoperative cardiac surgery patients were assessed for delirium routinely
using the CAM-ICU (at least every 8 hours) and RASS (at least every
4 hours) during their stay in the ICU and using the CAM (at least every
8 hours) on the in-patient ward. The CAMand CAM-ICU both assess 4 fea-
tures of delirium: acute onset or fluctuating course, inattention, disorga-
nized thinking, and altered level of consciousness. A positive diagnosis
of delirium results from the first 2 features and either feature 3 or 4.
The determination of the patient’s RASS is required for the assessment
of the testability of the sedated patient and for differentiation between
hypo- and hyperactive delirium. The RASS is a 10-point scale ranging
from 5 to þ4, with scores of 1 to 5 for increasing levels of sedation,
a score of 0 to denote a calm and alert state, and scores of þ1 to þ4 for
increasing levels of anxiety or agitation. Coma is defined as a RASS score
of4 (responsive to physical but not verbal stimulus) or5 (unresponsive
to verbal and physical stimulus). Therefore, the diagnosis of delirium re-
quires a RASS score of 3 or greater. Delirium data were collected from
the assessments made from postoperative day 1 to 10 in either the ICU
or in-patient ward. The patients were classified as having a day of delirium
if delirium was detected in at least 1 assessment during the 24-hour period
of a given postoperative day.
Ambient and/or artificial light levels were measured in each ICU envi-
ronment recorded at 12:00 PM for 3 consecutive days in the south-facing
area of each unit (Heavy Duty Light Meter with PC Interface, model
407026; Extech Instruments, Nashua, NH) and reported as the mean 
standard deviation. During both ICU environment epochs, the same bal-
anced anesthesia technique was used with up to 1.5 mg/kg propofol for in-
duction of anesthesia, and maintenance including sufentanil (1 mg/kg),
midazolam (0.01-0.02 mg/kg), and sevoflurane (1.0 MAC). For patients re-
quiring mechanical ventilation in the ICU, sedation was titrated to target
a RASS of2 to 0, where possible. Sedation and analgesic agents consisted
of 1 or more of propofol, midazolam, and/or opioids. The preoperative,
intraoperative, and postoperative variables were prospectively collected
from the medical chart for each patient.
Statistical Analysis
The univariate andmultivariate risk factors for in-hospital delirium after
cardiac surgery were determined for the entire study population. Categor-
ical variables were compared using the chi-square and Fisher exact tests;
continuous variables were compared using theMann-WhitneyU and t tests.
A final multivariate logistic regression model was developed through the
use of a stepwise selection process considering all univariate risk factors
with P<.20. Risk factors with P<.05 were considered statistically signif-
icant. Model discrimination was assessed by calculating the area under the
receiver operating characteristic curve and its corresponding 95% confi-
dence interval. Goodness of fit for the model was determined by calculating
the Hosmer-Lemeshow test statistic, with P>.05 indicating an appropriate
fit. All statistical analyses were performed using SAS, version 9.2 (SAS
Institute, Cary, NC).
The effect of E2 was included among the potential risk factors in the
univariate and multivariate analyses. Covariate comparisons between E1
and E2 were made to identify the differences between the 2 populations.
The proportion of ICU days with a delirium event was also compared
between the ICU environments. These comparisons were also stratified
by age to determine whether the ICU environment affected delirium in
different subpopulations.RESULTS
Delirium Prevalence
The final study population after all exclusions (n ¼ 92)
consisted of 1010 cardiac surgery patients during the 2rdiovascular Surgery c Volume 146, Number 1 173
FIGURE 1. A, Photograph of environment 1 (E1) intensive care unit. B, Photograph of environment 2 (E2) intensive care unit.
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Mseparate 6-month periods. Of these patients, 646 (63.9%)
had undergone an isolated CABG procedure, 147 (14.6%)
an isolated valve procedure, 94 (9.3%) a combined
CABG and valve procedure, and 123 (12.2%) other cardiac
procedures. Approximately 30.4% of the patients were
extubated immediately postoperatively before leaving the
operating room. Most patients were men (71.7%), and the
average age was 65.5  11.6 years.
The overall prevalence of any in-hospital delirium after
cardiac surgery was 14.7%. The prevalence of delirium
among patients younger than 65 years and those 65 years
or older was 6.2% and 21.4%, respectively. Of the 148 de-
lirious patients, 60 (40.8%) had delirium only in the ICU,
53 (36.1%) had delirium only on the hospital ward, and
34 (23.1%) had a delirium event in both the ICU and the
hospital ward. Of those experiencing delirium, the duration
was 1 day for 46.8%, 2 days for 21.8%, 3 days for 12.2%,
and 4 or more days for 14.1%. The length of stay in the ICU
and the postoperative hospital stay was significantly longer
for those patients with delirium than for those without delir-
ium (median, 2.9 days; interquartile range [IQR], 1.7-5.1
days, vs median, 1.0 days; IQR, 0.9-2.0 days; P< .001
and median, 10 days; IQR, 7-16 days, vs median, 6; IQR,
5-8 days; P<.001, respectively).FIGURE 2. Prevalence of in-hospital delirium after cardiac surgery ac-
cording to intensive care unit (ICU) environment. Patients were admitted
to environment 1 (E1) from May to October 2010 and to environment 2
(E2) from May to October 2011. Prevalence of delirium was not signifi-
cantly different between E1 and E2.Role of ICU Environment
No significant difference was found in the prevalence of
in-hospital delirium between the 2 ICU environments
(E1 and E2), with a rate of 16.1% and 13.5%, respectively
(P¼ .25; Figure 2). Similarly, no significant difference was
found in the prevalence of ICU delirium, with a rate for E1
and E2 of 9.8% and 9.2%, respectively (P ¼ .71). The me-
dian interval to the initial delirium onset was postoperative
day 3 for both E1 and E2 (Figure 3). The initial onset of de-
lirium was postoperative day 2 and later for 74% and 72%
of delirious patients in E1 and E2, respectively. The length
of stay in the ICU was significantly different between E1
and E2 (median, 1.0 days; IQR, 0.9-2.0 days, vs median,
1.6 days; IQR, 0.9-2.8 days; P<.001). The light levels in
E1 and E2 were not significantly different, with a value of
535  75 lux and 656  280 lux, respectively (P ¼ .51).174 The Journal of Thoracic and Cardiovascular SurgHowever, the light source in E1 was exclusively fluores-
cent lighting and that in E2 was a mixture of natural day-
light and fluorescent lighting. Covariate comparisons
between E1 and E2 identified significant differences be-
tween the 2 populations (Table 1) and the potential influ-
ential interactions were tested in the final multivariate
model. In patients younger than 65 years, the proportion
of ICU days on which delirium occurred was significantly
greater in E1 than in E2 (5.4% vs 1.7%; P ¼ .006). In
contrast, in patients aged 65 years and older, no differ-
ences were found in the proportion of ICU days on which
delirium occurred in E1 compared with E2 (10.8% vs
13.7%; P ¼ .099).Risk Factors Associated With Delirium
The univariate analysis revealed significant variables
(Table 2) that were included in the stepwise selection logis-
tic regression analysis. Seven variables were identified as
independent risk factors associated with in-hospital delir-
ium after cardiac surgery (Table 3): postoperative stroke
or transient ischemic attack (TIA), mechanical ventilation
longer than 24 hours, age 65 years or older, concomitant
CABG and valve surgery, prehospital admission benzodiaz-
epine use, a requirement for any postoperative blood prod-
uct transfusion, and postoperative renal insufficiency. The
calculated area under the curve for our multivariate modelery c July 2013
FIGURE 3. Initial onset of in-hospital delirium after cardiac surgery by
postoperative day. E1, Environment 1; ICU, intensive care unit; E2, envi-
ronment 2.
Arenson et al Perioperative Managementwas 0.794 (95% confidence interval, 0.755-0.832), with
a Hosmer-Lemeshow test statistic of P ¼ .3774.
DISCUSSION
The present study represents one of the largest samples of
cardiac surgery patients undergoing systematic screening
for delirium. This large sample size ensured that the effect
of the ICU environment on the overall prevalence of delir-
ium would not be masked by a lack of statistical power. Fur-
thermore, it is one of the few studies that investigated
delirium in both the ICU and the hospital ward using a sys-
temic screening tool.
In the present study of 1010 cardiac surgery patients, the
overall prevalence of delirium was 14.7%, with a markedTABLE 1. Differences between patient populations in E1 and E2 ICU
Risk factor E1 (n ¼ 454) E2 (n ¼ 556) P value
Preoperative characteristics
Smoking (previous) 291 (64.5%) 307 (55.8%) .0052
Albumin 39 (35-42) 37 (34-40) <.0001
Hemoglobin 135 (121-144) 137 (126-148) .0123
Anemia (<120 g/L) 114 (25.1%) 110 (19.8%) .0427
HbA1c (% of total Hb) 5.8 (5.4-6.8) 6.2 (5.8-7.1) <.0001
Intraoperative characteristics
Isolated valve procedure 50 (10.7%) 98 (17.5%) .0020
Fentanyl 98 (21.6%) 77 (13.9%) .0014
Morphine 159 (35.1%) 133 (24.0%) .0001
Neostigmine 120 (26.5%) 116 (21.0%) .0400
Sufentanil 365 (80.9%) 484 (87.1%) .0079
Antifibrinolytic (TXA) 375 (83.2%) 428 (77.0%) .0154
Lowest hemoglobin 86 (73-99) 88 (76-100) .0441
Postoperative characteristics
Lowest sodium 133 (131-135) 134 (131-135) .0376
Data presented as mean standard deviation or median (25th percentile-75th percen-
tile). E1, Environment 1 (‘‘old’’ ICU); E2, environment 2 (‘‘new’’ ICU); ICU, inten-
sive care unit; HbA1c, glycated hemoglobin; Hb, hemoglobin; TXA, tranexamic acid.
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Mincrease in prevalence in patients aged 65 years or older.
These rates are both well within the range of 3% to 52%
reported in a recent review of cardiac surgery studies.12
The present study is unique in its aim to examine the effect
of physically modifying the postoperative environment on
the prevalence of delirium in a cardiac surgery setting. In
this population, the prevalence of in-hospital delirium after
cardiac surgery did not vary significantly between E1 and
E2, with a rate of 16.1% and 13.5%, respectively. This sug-
gests that the postcardiac surgical ICU environment either
had a limited effect on the prevalence of delirium or perhaps
was muted by influential differences between the 2 patient
populations.
We identified postoperative stroke or TIA, mechanical
ventilation longer than 24 hours, age 65 years or older, con-
comitant CABG and valve surgery, prehospital admission
benzodiazepine use, any postoperative blood product trans-
fusion, and postoperative renal insufficiency as significant
risk factors associated with the development of in-hospital
delirium after cardiac surgery.
In the present study, the onset of stroke or TIA in the post-
operative period was the strongest risk factor for cardiac
surgery-associated delirium, just as other investigators
have previously found.5 It is unclear whether the onset of
stroke or TIA and delirium postoperatively is causally
related or whether the 2 events are both symptomatic man-
ifestations of poor overall cerebral dysfunction.13
Prolonged mechanical ventilation was another strong risk
factor associatedwith in-hospital delirium in this cardiac sur-
gery population. When considering only the initial onset of
delirium, mechanical ventilation for longer than 24 hours
appeared to have a combined effect on the development of
postoperative delirium. That is, cardiac surgery patients
were more likely to become delirious while mechanically
ventilated for such extended periods and also more likely
to experience delirium after extubation following these pe-
riods. It is difficult to ascertain the exact causal relationship
between prolongedmechanical ventilation and delirium. Ev-
idence has suggested that prolonged mechanical ventilation
causes delirium,14 and, conversely, that delirium leads to pro-
longedmechanical ventilation.15Certainly, the sedative level
and the clearance of drugs secondary to renal and/or hepatic
dysfunction could play a role. However, in our population,
those patients mechanically ventilated for longer than 24
hours had a median and mean RASS score of 0 and 1.2,
respectively. This suggests that the sedation level was not
influencing the development of delirium in these patients.
Age 65 years and older was an independent risk factor
associated with in-hospital delirium, a finding supported by
numerous other studies.14-16 Furthermore, although the ICU
environment did not exclusively affect the prevalence rates
of delirium, we found preliminary evidence to suggest that
the ICU environment could have a heterogeneous effect on
delirium between older and younger patients. This mightrdiovascular Surgery c Volume 146, Number 1 175
TABLE 2. Univariate analyses of potential risk factors associated with in-hospital delirium after cardiac surgery
Variable
Hospital delirium
P valueNo (n ¼ 862) Yes (n ¼ 148)
Preoperative characteristics
Age (y) 64.5  11.7 71.5  8.8 <.0001
Age 65 y 446 (50.9%) 123 (80.9%) <.0001
Chronic obstructive pulmonary disease 71 (8.1%) 20 (13.2%) .0444
Preoperative renal insufficiency (creatinine>176 mmol/L) 31 (3.5%) 11 (7.2%) .0335
Creatinine 84 (71-99) 89 (74-111) .0049
Albumin 38 (35-41) 37 (34-40) .0379
Hemoglobin 136 (125-147) 134 (119-143) <.0001
Anemia (<120 g/L) 184 (21.0%) 45 (29.6%) .0187
Benzodiazepine use (prehospital admission)* 59 (6.8%) 16 (10.6%) .0998
Intraoperative characteristics
Operation type .0007
Emergent 53 (6.1%) 23 (15.1%)
Urgent 155 (17.8%) 29 (19.1%)
Elective 664 (76.2%) 100 (65.8%)
Isolated valve procedure 134 (15.6%) 13 (8.8%) .0312
CABG and valve procedure 63 (7.3%) 31 (21.0%) <.0001
Deep hypothermic cardiac arrest 8 (0.9%) 6 (4.0%) .0029
Redo sternotomy 39 (4.5%) 15 (9.9%) .0059
Pump time 95 (72-130) 117.5 (88-153) <.0001
Pump time 120 min 271 (30.9%) 71 (46.7%) .0001
Desflurane 3 (0.3%) 3 (2.0%) .0457
Glycopyrrolate 244 (27.8%) 27 (17.8%) .0084
Midazolam 683 (78.3%) 104 (68.4%) .0075
Neostigmine 213 (24.4%) 25 (16.5%) .0316
Extubation in operating room 280 (32.0%) 27 (17.8%) .0004
Lowest hemoglobin 88 (75.5-100) 83.5 (71.5-91) <.0001
Postoperative characteristics
Total ventilation time 3.3 (0-8.0) 10.4 (2.3-41) <.0001
Mechanical ventilation>24 h 42 (4.9%) 43 (29.1%) <.0001
Return to operating room 72 (8.2%) 35 (23.0%) <.0001
Inotrope/vasopressor/IABP>24 h 131 (15.1%) 53 (35.1%) <.0001
Atrial fibrillation 310 (35.4%) 77 (50.7%) .0003
Ventricular arrhythmia 230 (26.3%) 65 (43.1%) <.0001
Dialysis (renal failure) 4 (0.5%) 7 (4.6%) .0003
Renal insufficiency (>50% increase from baseline creatinine level) 56 (6.4%) 34 (22.4%) <.0001
Stroke/TIA 4 (0.5%) 10 (6.8%) <.0001
Infection 117 (13.4%) 46 (30.3%) <.0001
Sepsis 6 (0.7%) 5 (3.3%) .0146
Lowest sodium 134 (131-135) 133 (130-135) .0127
Highest creatinine 88 (74-110) 108 (87-150) <.0001
RBC transfusion 370 (42.3%) 104 (68.4%) <.0001
FFP transfusion 195 (22.3%) 70 (46.1%) <.0001
Platelet transfusion 197 (22.5%) 66 (43.4%) <.0001
Any blood transfusiony 446 (50.9%) 119 (78.3%) <.0001
Cryoprecipitate 5 (0.6%) 4 (2.6%) .0318
Data presented as n (%) for categorical variables and mean  standard deviation or median (25th percentile-75th percentile) for continuous variables. CABG, Coronary artery
bypass grafting; IABP, intra-aortic balloon pump; TIA, transient ischemic attack; RBC, red blood cell; FFP, fresh frozen plasma. *Not a statistically significant univariate risk
factor but below threshold of P<.20 and therefore included in multivariate analysis. yIncluded at least 1 of RBC, FFP, or platelet transfusions.
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Mindicate that the mechanism of delirium differs across age
groups and reveals, more broadly, that strategies for delirium
prevention might require group-specific interventions.
Concomitant CABG and valve surgery was associated
with the occurrence of in-hospital delirium, a finding176 The Journal of Thoracic and Cardiovascular Surgpreviously reported.16,17 This might be attributed to
iatrogenic factors related to a longer and more complex
surgery. However, in our population, the cardiopulmonary
bypass time, surgery duration, and intraoperative blood
transfusion were not identified as independent risk factorsery c July 2013
TABLE 3. Multivariate analyses of risk factors associated with
in-hospital delirium after cardiac surgery
Risk factor OR 95% CI
P
value
Preoperative characteristics
Age 65 y 3.21 2.02-5.10 <.001
Prehospital admission benzodiazepine use 2.11 1.09-4.07 .03
Intraoperative characteristics
CABG and valve procedure 2.30 1.36-3.88 .002
Postoperative characteristics
Stroke/TIA 6.03 1.69-21.53 .006
Mechanical ventilation>24 h 4.34 2.52-7.45 <.001
Any blood transfusion 2.02 1.30-3.15 .002
Renal insufficiency (>50% increase from
baseline creatinine level)
1.91 1.08-3.37 .03
OR, Odds ratio; CI, confidence interval; CABG, coronary artery bypass grafting;
TIA, transient ischemic attack.
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Massociated with the development of delirium. An alternate
explanation could be that patients undergoing this type
of surgery are older and generally have a greater
comorbidity burden than those undergoing isolated CABG
or valve surgery. Given that age was an independent risk
factor for delirium, a comparison of age was done within
the delirium subset to determine whether this factor was
more pronounced in patients undergoing this type of
surgery. No significant difference was found between the
mean age of the patients undergoing concomitant CABG
and valve surgery who developed delirium and other
patients with delirium (data not shown).
Prehospital admission benzodiazepine use was relatively
low in our population (7.4%); however, approximately
20% of patients taking benzodiazepines subsequently de-
veloped delirium after their cardiac surgery. An abrupt re-
duction or discontinuation of these drugs could have led
to withdrawal symptoms, which can include confusion
and delirium.18 Pisani and colleagues19 reported that benzo-
diazepine use was associated with the duration of ICU delir-
ium. In our study population, if we attributed every case of
delirium involving benzodiazepine use to withdrawal, this
would still only represent a small percentage of the total
number of cases (10.6%). This provides further support to
the idea that this syndrome is multifactorial in origin.
Data on the preoperative use of other psychiatric medica-
tions such as antidepressants and antipsychotics were col-
lected and were not found to be associated with the
development of delirium. Furthermore, data on documented
or self-reported preoperative dementia were captured and
not found to be associated with delirium in the present
study, although the patient numbers were low.
The receipt of any blood product transfusion postopera-
tively was associated with in-hospital delirium, consistent
with previous findings.15,16 Furthermore, it has been
previously reported that blood transfusion was associatedThe Journal of Thoracic and Cawith increased mortality after cardiac surgery.20 However,
the exact mechanism of how blood transfusion contributes
to delirium and other adverse outcomes has not been well
characterized. It is possible that medications administered
concurrently with postoperative transfusions could have
confounded the association between blood products and de-
lirium; therefore, the latter relationship might an example of
confounding by indication.
In our study population, new renal insufficiency in
the postoperative period, which was defined as a greater
than 50% increase from the baseline creatinine level, was
a risk factor associated with in-hospital delirium. This has
been corroborated by previous studies,19,21 which found
elevated creatinine levels to be predictive of delirium.
Acute kidney injury associated with cardiac surgery has
been reported to range from 5% to 10% and has been
associated with adverse outcomes,22 including 30-day mor-
tality.23 In our study population, the overall rate of new re-
nal insufficiency was 9.9% (n ¼ 100). In contrast, the rate
was more than double in patients with delirium (22.4%;
odds ratio, 1.91; P ¼ .03). This suggests that the inflamma-
tion and hemodynamic perturbation of cardiac surgery that
often leads to acute kidney injury might share a mechanism
of pathogenesis with delirium.24
Study Limitations
The present study had several limitations worth noting.
First, this was a single-center study, which might limit its
generalizability. However, the large sample size and patient
characteristics of our study cohort were similar to those of
previously reported contemporary surgical cohorts. Second,
the lack of temporal information for the postoperative vari-
ables other than the prevalence of delirium constrained our
ability to determine associations between many of the post-
operative risk factors and the onset of delirium. Third, the
sedation and agitation level data, assessed through use of
the RASS, was collected multiple times each day in the
ICU for a given patient but not consistently synchronous
with the CAM assessments. Therefore, associations be-
tween the risk factors identified and delirium motor sub-
types (ie, hypoactive, hyperactive, mixed subtype) could
not be made. Finally, ours was a retrospective analysis;
thus, preoperative cognitive testing data were not available
because it was not formally performed during the study pe-
riod. Recently, Saczynski and colleagues25 demonstrated
that delirium was more common in patients with lower pre-
operative minimental status examination scores. Future
studies are planned for a more detailed examination of the
effect of pre-existing cognitive and functional impairment
on postoperative delirium.
CONCLUSIONS
Delirium is a common complication in patients undergo-
ing cardiac surgery. The prevalence of delirium was studiedrdiovascular Surgery c Volume 146, Number 1 177
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Min a cardiac surgery patient population in which the ICU en-
vironment was the primary factor changed. Although the
ICU environment did not have a significant effect on the
overall prevalence of delirium, that does not preclude the
possibility that the ICU environment might interact with
other factors, such as age, in a complex manner. We have
identified other risk factors associated with in-hospital de-
lirium after cardiac surgery. Validation of these risk factors
and additional investigation of the preoperative risk factors
are needed. In developing preventative strategies and inter-
ventional protocols for addressing delirium, adjusting the
ICU environment in isolation will likely not be sufficient
and instead will require a more comprehensive multimodal
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